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Background: Citalopram hydrobromide (CTL) has been shown to cause sexual
dysfunction; however, its reproductive toxicity potential has not been
sufficiently elucidated in men. Therefore, we aimed to clarify the toxic effects
of CTL on the reproductive system of male rats. Methods: For this purpose,
CTL was administered at 5, 10, and 20 mg/kg/day to rats orally for 28 days.
Sperm concentration, motility, and morphology were investigated using a
computer-assisted sperm analysis system, and sperm DNA damage was
detected using a Comet assay. The testes were histopathologically examined.
Serum follicle-stimulating hormone, luteinizing hormone, and testosterone
levels were measured and the oxidative status of testes was investigated.
Results: Our results showed that sperm concentration was reduced, and
abnormal sperm morphology and sperm DNA damage were increased in CTL-
administered groups. Additionally, histopathological changes were observed in
the testes of CTL-administered rats. Luteinizing hormone levels were

increased in CTL-administered groups, while testosterone levels were

increased in the 5 and 10 mg/kg CTL-administered groups. Decreased

glutathione signaled enhanced oxidative stress in the 10 and 20 mg/kg CTL-

administered groups. Conclusion: Thus, we concluded that CT induced

testicular damage in male rats; this testicular damage was accompanied by

oxidative stress and hormonal changes, which are considered as the

important causes of reproductive disorders.
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Introduction
Depression and anxiety are common public health problems
that affect 5–10% of the world population (Mori et al.,
2014; Wiegner et al., 2015). The World Health Organization
notes that the annual prevalence of these diseases is
between 4.6 and 26.4% (Verhaak et al., 2009). While the
etiologies underlying depression and anxiety are still being
researched, serotonin reuptake inhibitors (SSRI) are the
most commonly prescribed drugs for treatment because of
their efficacy, safety, and tolerability (Lee et al., 2011). Epi-
demiological studies show that depression and anxiety
often occur during the reproductive years, that is, ages
between 20–60 (Wiegner et al., 2015). Thus, in the past
decade, it has been hypothesized that drugs may have taken
a role in the etiology of infertility, which affects 10 to 15%
of the sexually active population, by affecting testicular
functions in men (Alonso et al., 2009; Olayemi, 2010). It
has been shown that SSRIs can cause sexually adverse
effects, such as erectile dysfunction and low libido, and can
affect emission and ejaculation in men (Tanrikut et al.,
2010; Akasheh et al., 2014; Bijlsma et al., 2014). Studies
have reported that SSRIs seem to have more of an effect on
sperm transport rather than sperm production (Tanrikut
and Schlegel, 2007; Attia and Bakheet, 2013). It has been

observed in patients that sperm concentration, motility, and
normal sperm morphology decrease and sperm DNA dam-
age increases with SSRI treatment (Bataineh and Daradka,
2007; Tanrikut and Schlegel, 2007; Safarinejad, 2008;
Tanrikut et al., 2010; Koyuncu et al., 2011, 2012; Relwani
et al., 2011; Elnazer and Baldwin, 2014).

Citalopram hydrobromide (CTL) is a commonly pre-
scribed SSRI for the treatment of depression and anxiety,
and according to 2011 data, it is the second most com-
monly prescribed psychiatric medicine in the US, having
been prescribed to 37.8 million people (Lindsley, 2012).
Therefore, unlike the other studies performed previously,
we evaluated sperm parameters, such as sperm DNA dam-
age, sperm concentration, motility, and morphology, after
CTL exposure at repeated pharmacological doses in the
present study. In addition, a possible mechanism of action
of the adverse reproductive effects was investigated by
means of the determination of serum testosterone, follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
levels, which play roles in spermatogenesis process, and
the determination of glutathione (GSH) and malondiald-
hyde (MDA) levels for the oxidative status of testis tissue,
which is extremely vulnerable to oxidative stress. Further-
more, the dose-dependency of these possible toxic effects
and the effects of biochemical alterations on testicular
structure were evaluated.

Materials and Methods
MATERIALS

CTL was a kind gift from IE Ulagay-Menarini Group,
Istanbul, Turkey. Testosterone, FSH, LH, malondialdehyde
(MDA), and glutathione (GSH) levels were determined using
ELISA kits from Cusabio Biotech Co. Ltd. (Wuhan, China).
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ANIMAL MODEL AND EXPERIMENTAL DESIGN

Male Wistar rats (12 weeks old; 200–250 g) were
obtained from Anadolu University Research Center for Ani-
mal Experiments. The rats were housed in a room with
controlled temperature (248C) with a 12-hr light/12-hr
dark cycle (lights on at 08:00 hr) with free access to stand-
ard rat food and water. Temperature, sound, and light con-
ditions of the laboratory were maintained during the
course of the experiments. Animals were acclimatized to
the laboratory environment for at least 48 hr before experi-
mentation. The experimental protocol was approved by the
Local Ethical Committee on Animal Experimentation of Ana-
dolu University, Eskisehir, Turkey. The rats were assigned
randomly into the following treatment groups: Control
group: animals received distilled water orally for 28 days
(n 5 8); 5 mg/kg CTL-treated group: animals received 5
mg/kg dose CTL orally for 28 days (n 5 8); 10 mg/kg
CTL-treated group: animals received 10 mg/kg dose CTL
orally for 28 days (n 5 8); 20 mg/kg CTL-treated group:
animals received 20 mg/kg dose CTL orally for 28 days (n
5 8).

The doses of CTL were determined according to previ-
ous studies (Sekar et al., 2011; Vermoesen et al., 2012;
Flores-Serrano et al., 2013; Karlsson et al., 2013; Zhang
et al., 2013; Vega Rivera et al., 2016). Furthermore, clinical
doses of CTL are between 10 and 60 mg/day (Bech et al.,
2002), and the doses we have chosen were in accordance
with the guidelines extrapolating human doses to animal
doses (Center for Drug Evaluation and Research, 2005).
All drugs were administered at a volume of 1 ml/100 g by
dissolving in distilled water. Concentrations were adjusted
to deliver the intended dose levels of the base compound.
The treatment period was in accordance with the Organi-
sation for Economic Co-operation and Development guide-
line 407: Repeated dose oral toxicity study in rodents.
Clinical signs and mortality were recorded on a daily basis
and body weights of the animals were measured till the
end of this time period and no differences were observed
in terms of these parameters during the dosing period.

At the end of 28 days, the animals were anesthetized
by intraperitoneal injection of 1.5 mg/kg urethane (Takeu-
chi et al., 2014). Blood samples for hormonal analysis
(FSH, LH, and testosterone) were collected from the right
ventricle of the animals by means of syringe. The animals
were killed by means of withdrawal of large amounts of
blood from the heart.

Testes and epididymis tissues were removed. The left
testis and epididymis were cleaned of blood in phosphate
buffered solution (PBS) (8 g/L NaCl, 0.2 g/L KCl, 0.2 g/L
KH2PO4, 1.14 g/L Na2HPO4, pH 7.4) and weighed. The left
epididymis was used to determine the levels of GSH and
MDA. The right testis were cleared of blood and other con-
taminants in PBS and fixed for histological examination.
The cauda of the right epididymis was used to evaluate
sperm parameters.

COLLECTION AND EVALUATION OF SPERM SAMPLES

Spermatozoa obtained immediately after euthanizing the
rats from the right epididymis, which was placed in a Petri
dish containing DMEM/Hams F-12 at 378C. The cauda epi-
didymis was transferred to a new Petri dish with 1 ml of
the same medium, and the blood vessels and fat tissue
were removed. A section of the cauda epididymis (0.5 cm)
was cut out and placed in another Petri dish containing 1
ml of the same medium, and spermatozoa were allowed to
swim out for 1 min (Mdhluli and van der Horst, 2002;
Opuwari and Monsees, 2014).

ASSESSMENT OF SPERM CONCENTRATION AND MOTILITY

Five microliters of concentrated spermatozoa cloud were
collected and placed on a Leja slide (Leja Products BV,
Nieuw Vennep, Netherlands). The Leja slide was placed
onto a temperature-controlled stage of the Nikon E200
microscope (Nikon, Tokyo, Japan) (378C). A 43 negative
phase contrast objective in conjunction with a phase con-
trast condenser was used to determine sperm motility and
concentration by means of the Motility/Concentration
module of the Sperm Class AnalyzerVR (SCA) version 5.4.0.1
software (Microptic SL, Barcelona, Spain) at 50 frames/s.
Data were collected by capturing images with a digital
camera (Basler, A78075gc, Germany). For motility analysis,
eight fields were captured with the SCA system until 200
motile spermatozoa were analyzed, as recommended by
the World Health Organization (1999) (Maree and van der
Horst, 2013).

ASSESSMENT OF SPERM MORPHOLOGY

Fresh sperm smears were prepared for morphometric
analysis by placing 5 ll of the fresh semen on the clear
end of a frosted slide by dragging the drop across the
slide. The smears were air-dried before staining. Three
semen smears were prepared and stained with
SpermblueVR (Microptic Automatic Diagnostic System, Bar-
celona, Spain) according to Van der Horst and Maree
(2009). Stained slides were used to perform morphology
evaluation using the morphometry module of the SCAVR

version 5.4.0.1 software (Microptic SL, Barcelona, Spain).
The machine was equipped with a Nikon Eclipse model
50i (Nikon Corporation, Tokyo, Japan) microscope with a
603 brightfield objective and Basler video camera
Ahrensburg, Germany). A total of 200 sperms/animal were
analyzed. The morphometric parameters of head and tail
were determined, and abnormal sperms were detected
based on previous criteria (Mori et al., 1991; Filler, 1993;
Narayana et al., 2002; Gromadzka-Ostrowska et al., 2012;
Martinez et al., 2014). Sperms with banana-shaped head,
amorphous head, bent neck, or two-headed and headless
sperms were considered as having head abnormalities,
whereas sperms with a bent or broken tail were consid-
ered as having tail abnormalities (Fig. 1).
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DETECTION OF SPERM DNA DAMAGE BY USING COMET ASSAY

Frosted microscope slides were covered with 1% normal
melting point agarose in Ca21 and Mg21free PBS. A sperm
sample (10 ll) containing 1 3 105 sperm/ml was sus-
pended in 75 ll of 1% (w/v) low melting point agarose.
This suspension (85 ll) was placed on the surface of a
microscope slide (precoated with 1% normal melting point
agarose) to form a microgel and allowed to set at 48C for
5 min. Slides were dipped in cell lysis buffer (2.5 M NaCl,
100 mM EDTA, 10 mM Tris-HCl, pH 10.0, containing 1%
Triton X-100 added just before use and 40 mM dithiothre-
itol) for 24 hr at 20 to 228C. Following the initial lysis,
proteinase K was added to the lysis solution (0.5 mg/ml)
and additional lysis was performed at 378C for 24 hr. After
cell lysis, all slides were washed three times with deion-
ized water at 10-min intervals to remove the salt and
detergent from the microgels. Slides were placed in a hori-
zontal electrophoresis unit and were allowed to equilibrate
for 20 min with running buffer (500 mM NaCl, 100 mM
Tris-HCl, 1 mM EDTA, pH 9) before electrophoresis (0.60
V/cm, 250 mA) for 30 min. After electrophoresis, slides
were then neutralized with 0.4 M Tris (pH 7.5), stained

with SYBR Green I (1:10,000) for 1 hr and covered with
cover slips (Kushwaha and Jena, 2014). Slides were ana-
lyzed using Olympus BX50 fluorescence microscope
(Olympus, Tokyo, Japan) and Bs200 Pro Comet Image Pro-
cess and Analysis Software (BAB Software, Ankara, Tur-
key). At least 100 cells were analyzed per sample.

HISTOLOGICAL ANALYSIS OF TESTIS TISSUE

The right testis tissues were sliced into small pieces (2
mm3) and then fixed in paraformaldehyde (4%) in phos-
phate buffer pH 7.2 for 2 hr at 20 to 228C. They were
dehydrated in a graded series of alcohols. To improve infil-
tration, the samples were treated with a mixture of LR
White (Electron Microscopy Sciences, FT Washington, PA,
US) and 70% ethanol (2:1) (v:v) for 1 hr at 20 to 228C.
The samples were then embedded in LR White and sec-
tioned at 700 nm (0.7 microns) thickness by using a Leica
EM UC7 ultramicrotome (Leica, Vienna, Austria). Semi-thin
sections were stained with 1% toluidine blue/borax (pH
8.4) for 2 min and observed under a Leica DM 750 light
microscope (Bancroft and Gamble, 2002).

TABLE 1. Effects of CTL on relative organ weights of male rats.

C CTL-5 CTL 210 CTL 220

Relative left testis weights

(g/ 100 g BW)

0.51 6 0.007 0.53 6 0.010 0.53 6 0.014 0.51 6 0.011

Relative left epididymis weights

(g/ 100 g BW)

0.22 6 0.003 0.23 6 0.007 0.24 6 0.007 0.23 6 0.010

FIGURE 1. Classification of sperm morphology in rats: A: Normal sperm. B: Amorphous head. C: Banana-shaped head. D: Bent neck. E: Headless. F: Bent tail. G:

Broken tail. H: Detached.

BIRTH DEFECTS RESEARCH 00:00–00 (2017) 3



DETERMINATION OF SERUM FSH, LH, AND TESTOSTERONE LEVELS

After 30 min of drawing the blood to allow clotting, blood
samples from rats were centrifuged at 1000 g for 15 min
at 48C, and serum was separated. The hormonal analyses
were performed using the commercially available kits
according to manufacturer’s instructions.

DETERMINATION OF GSH AND MDA LEVELS IN TESTIS TISSUE

The right testis was divided into equal parts and stored at
-208C after freezing in liquid nitrogen. The GSH and MDA
levels in the testis were determined by using commercially
available kits according to the instructions of the
manufacturer.

STATISTICAL ANALYSIS

All data were expressed as mean 6 SE. Statistical analyses
of the groups were performed using the SigmaPlot v.10
package program (Systat Software, USA). All values were
verified to be normally distributed. For the sperm comet
assay, Dunnett T3 test was performed as a post hoc test.
In the other experiments, one-way ANOVA following Tukey
test as a posthoc test was performed. P < 0.05 was con-
sidered statistically significant.

Results
EFFECTS OF CTL TREATMENT ON TESTIS AND EPIDIDYMIS WEIGHTS IN
RATS

When relative testis and epididymis weights were com-
pared among groups, relative testis and epididymis
weights obtained from the CTL-administered groups were
indistinguishable from the control group. No significant
differences were observed among the CTL-administered
groups in terms of relative testis and epididymis weights
(Table 1).

EFFECTS OF CTL TREATMENT ON SPERM CONCENTRATION AND
MOTILITY IN RATS

When the groups were compared in terms of sperm con-
centration, significant and non–dose-related decreases in
sperm concentration were observed in all CTL-
administered groups compared with the control group. No
significant differences were observed among the CTL-
administered groups in terms of sperm concentration
(Table 2).

Sperm motility percentages of CTL-administered
groups did not show any statistical differences when com-
pered to the control group. The sperm motility percentage
significantly increased in the 10 mg/kg CTL-administered
group in comparison with the 5 mg/kg CTL-administered
group (Table 2).

EFFECTS OF CTL TREATMENT ON SPERM MORPHOLOGY IN RATS

A significant increase in the percentage of the sperm
abnormalities was observed in the CTL-administered
groups at all concentrations compared with control.
Among the CTL-administered groups, the percentage of
the sperm abnormalities increased in the 20 mg/kg CTL-
administered group compared with the 5 mg/kg CTL-
administered group (Table 2).

These abnormalities were found to be more in the tail,
as represented by bent and broken tail abnormalities (Fig.
1), in the 5, 10, and 20 mg/kg CTL-administered groups at
15.05%, 21.72%, and 26.48%, respectively. Tail abnormal-
ities were also found to be increased in the 10 and 20
mg/kg CTL-administered groups when compared with the
5 mg/kg CTL-administered group. The percentage of
sperm head abnormalities, including banana-shaped head,
amorphous head, bent neck and two headed and headless
sperms (Fig. 1), were determined to be 16.45%, 17.65%,
and 18.35% in the 5, 10, and 20 mg/kg CTL-administered
groups, respectively.

EFFECTS OF CTL TREATMENT ON SPERM DNA IN RATS

Results of the comet assay are expressed as extent tail
moment, a product of the tail length and the tail DNA%
(extent tail moment 5 tail length 3 tail DNA% / 100) (Lee
et al., 2004) (Fig. 2). Values were as the following; 2.56 6

0.22, 3.71 6 0.52, 8.81 6 1.06 and 12.21 6 0.92 (mean 6

SE) for control, 5 mg/kg, 10 mg/kg, and 20 mg/kg CTL
administrated groups, respectively. All of the experimental
groups showed significant increase in sperm DNA damage
when compared with control. The increase was approxi-
mately 44.8% for 5 mg/kg CTL administrated animals. The
10 mg/kg and 20 mg/kg CTL administration induced sperm
DNA damage dramatically, over three- and fourfold, respec-
tively, when compared with control (Fig. 2).

TABLE 2. Effects of CTL on the sperm concentration, motility and morphology of male rats.

C CTL 25 CTL 210 CTL 220

Sperm concentration (106/mL) 3.90 6 0.202 2.02 6 0.308 (*) 2.46 6 0.156 (*) 2.48 6 0.992 (*)

Sperm motility (%) 79.96 6 2.127 71.28 6 2.329 81.90 6 1.071 (1) 74.49 6 2.461

Abnormal sperm count (%) 4.63 6 0.854 31.52 6 1.333 (***) 39.37 6 2.085 (***) 44.82 6 3.234 (***, 1)

* Different from control group (p<0.05).

1 Different from 5 mg/kg CTL (p<0.05).

*** Different from control group (p<0.001).
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FIGURE 2. Effect of CTL on the sperm DNA in male rats: Tail moment % graph (on the left side) (A) Sperm comet assay photo of control group, (B) Sperm comet

assay photo of CTL-5, (C) Sperm comet assay photo of CTL-10, (D) Sperm come assay photo of CTL-20 (on the right side). *Different from control group (p <

0.05). 1Different from CTL-5 group (p < 0.05). !Different from CTL-10 group (p < 0.05).

FIGURE 3. Seminiferous tubules in control and experimental groups A: Control group: Normal architecture of the seminiferous tubules. B: The 5 mg/kg CTL group:

Cellular vacuolation (v) and expansion of intercellular spaces. Mild deterioration (arrowhead) of spermatogenic series. C: The 10 mg/kg CTL group: Degenerative

changes in seminiferous tubules. Disintegration (arrowhead), vacuolation (v), and desquamation (arrow) of the seminiferous epithelium. D: The 20 mg/kg CTL

group: Loss of tissue architecture in seminiferous tubules (arrow). (Scale bar 5 50 lm).
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EFFECTS OF CTL TREATMENT ON THE TESTICULAR HISTOLOGY IN RATS

The seminiferous tubule and interstitium of testis in the
control group were always physiological, while CTL treat-
ment resulted in considerable pathology in the testis of
experimental group animals. Mild degeneration of the sem-
iniferous tubules was observed with vacuolation of cells
and expansion of intercellular spaces in the 5 mg/kg CTL-
administered group. More dramatic changes were
observed at higher doses; 10 mg/kg CTL treatment
resulted in degenerative changes in the seminiferous
tubule architecture. Seminiferous epithelium was disinte-
grated and spermatogenic cells were desquamated into
the lumen. At a dosage of 20 mg/kg CTL, the tissue

architecture of the tubules was substantially damaged (Fig.
3). The spermatogenic series mostly consisted of swollen
cells. There were membrane-bound vesicles (apoptotic
bodies) and necrotic cells in germinal epithelium. Leydig
cell atrophy and a decreased number of sperms in the
tubular lumen were observed (Fig. 4).

EFFECTS OF CTL TREATMENT ON THE SERUM HORMONE LEVELS IN
RATS

When the groups were compared in terms of serum LH
levels, non–dose-related increases were observed in the
CTL-administered groups compared with the control
group. No significant differences were obtained among the

FIGURE 4. A: Detailed structure of germinal epithelium in control and experimental groups. A: Control group: intact layer of spermatogenic series. B: The 5 mg/kg

CTL group: Expanded intercellular spaces (arrowhead); vacuolation, dilation and degeneration of spermatids (arrow); decreased number of sperms in the tubular

lumen (white arrow). C: The 10 mg/kg CTL group: Vacuolation, disintegration, and desquamation of spermatids (arrowhead), Decreased number of sperms in the

tubular lumen (white arrow). D: The 20 mg/kg CTL group: Loss of cellular borders in dilated cells (arrow), chromatin condensation in cells of the spermatogenic

series (arrowhead), apoptotic bodies (*), and necrotic germ cells (n): decreased number of sperms in the tubular lumen (white arrow) (Scale bar 5 20 lm).

TABLE 3. Effects of CTL on serum hormone levels of male rats.

C CTL-5 CTL 210 CTL 220

LH(mg/dL) 6.15 6 0.234 13.76 6 0.262 (*) 11.31 6 0.617 (*) 10.32 6 0.343 (*)

FSH(IU/L) 41.53 6 4.184 47.97 6 4.393 51.86 6 2.617 50.88 6 2.241

Testosterone (IU/L) 3.13 6 0.159 5.31 6 0.323 (*) 5.51 6 0.461 (*) 2.98 6 0.262 (1, !)

* Different from control group (p<0.05).

1 Different from 5 mg/kg CTL (p<0.05).

! Different from 10 mg/kg CTL (p<0.05).
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CTL-administered groups in terms of serum FSH levels.
When compared with the control group, statistically signif-
icant increases were found in the serum testosterone lev-
els in the 5 and 10 mg/kg CTL-administered groups.
Similar serum testosterone levels were obtained in the 20
mg/kg CTL-administered and control groups (Table 3).

EFFECTS OF CTL TREATMENT ON GSH AND MDA LEVELS IN TESTIS
TISSUE OF RATS

The GSH level of testis tissues decreased in the CTL-
administered groups; this difference was statistically sig-
nificant in the 10 and 20 mg/kg CTL-administered groups
in comparison to the control group. When the groups
were compared in terms of the MDA level of testis tissue,
comparable levels were obtained in the control and CTL-
administered groups (Table 4).

Discussion
The present study examined the reproductive toxicity of
CTL in male rats independent of other risk factors associ-
ated with infertility. According to our results, repeated
pharmacological doses of CTL decreased sperm concentra-
tion and normal sperm morphology, increased the sperm
DNA damage, and induced morphological damage on the
testicular tissue. Citalopram also induced changes in LH
and testosterone levels, which play major roles in sperma-
togenesis and decreases GSH, which is a sign of testicular
oxidative stress.

Today, male infertility cases constitute 40% of all infer-
tility cases. The fertilizing capacity of men is evaluated by
means of semen analysis, by mainly assessing sperm con-
centration and motility. While these parameters provide
information about sperm quality, another parameter,
sperm morphology, provides information about the cellular
events that occur in the spermatogenesis process in addi-
tion to the functional status of the reproductive organs
(Brezina et al., 2012; Esteves et al., 2012; Agarwal et al.,
2014). Decreases in normal sperm morphology and sperm
concentration were noticed in the CTL-administered
groups in our study. Our results were supported by other
studies that show a decrease in normal sperm morphol-
ogy, and sperm concentration and motility with CTL expo-
sure (Tanrikut and Schlegel, 2007; Attia and Bakheet,
2013; Elnazer et al., 2014). The morphologically abnormal
sperm percentage is considered as an important indicator
of disorders that occur during sperm production and

maturation that lead to infertility. Morphological abnormal-
ity of the sperm alone is thought to affect the fertilization
capacity of the sperm (Agarwal et al., 2014). Male infertil-
ity is generally considered to be present when sperm
abnormalities are determined to be greater than 10%
(Saba et al., 2009). According to our morphological evalua-
tion, abnormal sperm morphology increased by more than
10%, with both head and tail abnormalities, in the 5, 10,
and 20 mg/kg CTL-administered groups in a dose-
dependent manner. An important point to be emphasized:
CTL increased tail abnormalities more significantly than
head abnormalities, and the former is more positively cor-
related with infertility (Narayana et al., 2002).

Spermatogenesis is regulated by endocrine activity,
which occurs by means of the hypothalamic–pituitary–
testes axis (Ciarrocca et al., 2013). FSH and LH are
released by the anterior pituitary and testosterone is
released by the testes to play the major roles in spermato-
genesis. LH stimulates testosterone production from Ley-
dig cells in the testes, while FSH stimulates the production
of androgen-binding proteins from Sertoli cells in the pro-
cess of sperm maturation. Testosterone ensures the conti-
nuity of semen production and the spermatogenesis
process (Babu et al., 2004; Ciarrocca et al., 2013; Ahmed
et al., 2014; Wdowiak et al., 2014). In our study, secondary
to increased levels of LH, testosterone plasma levels
increased in the 5 and 10 mg/kg CTL-administered
groups. As noted above, the release of testosterone from
the Leydig cells occurs by means of hypophyseal LH stim-
ulation (Marshall and Bangert, 2008). Distinctly, the
increase in LH levels was not accompanied by increased
testosterone levels in the 20 mg/kg CTL-treated group.
This result may be explained by the histopathological
degenerative findings, such as Leydig cell atrophy,
observed in the testicular tissue of the high dose group in
comparison to the testicular tissues of the other CTL-
administered groups. It is known that increased FSH and
LH levels with normal or decreased testosterone levels
indicate testicular failure (Childress, 2010). On the other
hand, in studies investigating the effects of serum hor-
mone levels on sperm parameters, a negative correlation
was shown between sperm concentration/motility/mor-
phology and serum FSH and LH levels (Babu et al., 2004;
Meeker et al., 2007; Keskin et al., 2015). Some studies
demonstrated that blood testosterone levels did not have
any impact on sperm parameters (Uhler et al., 2003;

TABLE 4. Effects of CTL on MDA and GSH levels in testis tissues of male rats.

C CTL-5 CTL 210 CTL 220

MDA(pmol ml-) 424.04 6 32.667 423.16 6 24.453 399.04 6 26.723 507.29 6 16.244

GSH(mM) 32.92 6 0.954 25.85 6 .1.028 23.10 6 0.355 (*) 23.15 6 0.234 (*)

* Different from control group (p<0.05).
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Pasqualotto et al., 2005). However, the results of studies
showing a positive correlation between sperm motility and
serum testosterone level exist as well (Meeker et al., 2007;
Keskin et al., 2015). In our study, the toxicological findings
at the level of sperm concentration and morphology, in
terms of sperm parameters, seem to be associated with
the increased LH levels in all CTL-administered groups. It
should be mentioned that a decrease/increase in the hor-
mone levels that play a role in spermatogenesis can affect
sperm quality.

Sperm DNA integrity is a sign of the reproductive capa-
bility of the sperm (Khan et al., 2015). Therefore, it needs
to be determined to evaluate the function of sperm and its
structural changes (Ong et al., 2002). Genetic damage in
sperm can lead to infertility in men (Trivedi et al., 2010;
Hamada et al., 2012; Chen et al., 2013; Kumar et al.,
2013). Damage can include single or double DNA strand
breaks formed in the DNA structure, base deletion or mod-
ification, inter-strand or intra-strand cross-linkage, and
DNA-protein cross-linkage. The chromosomal abnormal-
ities that occur in sperm may reduce the number of sperm
as in oligozoospermia, reduce the motility as in astheno-
zoospermia, or increase the percentage of morphologically
abnormal sperm as in teratozoospermia. Distinctly, signifi-
cant DNA damage was thought to be associated with the
source of undetermined causes of infertility in patients
with normal sperm analysis (Wright et al., 2014). A single
or double DNA strand break can be found in 10% of infer-
tile men with normal sperm analysis. For this reason,
determination of DNA damage is important with regard to
determination of infertility (Hamada et al., 2012). The sin-
gle cell gel electrophoresis, also known as comet assay, is
a method that can directly measure DNA damage, and is
especially precise when determining DNA errors associ-
ated with double-strand breaks (Trivedi et al., 2010; Lu
et al., 2013; Ahmed, 2105; Namoju et al., 2014). According
to our comet assay results, the 20 mg/kg CTL-
administered group had significantly increased tail move-
ment percentage, an indicator of DNA damage induced by
CTL. A previous study conducted in mice has shown that
sperm DNA damage was induced by CTL treatment (Attia
and Bakheet, 2013). Additionally, abnormal sperm mor-
phology may also be associated with sperm DNA damage,
as well as changes in sperm production and maturation
(Agarwal et al., 2014). Trivedi et al (2010) suggested that
sperm DNA damage may lead to abnormalities in the
sperm head, and that the results of the sperm comet assay
along with sperm head morphological evaluation is essen-
tial for the identification and evaluation of germ cell toxi-
cants. At this point, previous findings support our results,
which show that induced sperm abnormalities are accom-
panied by sperm DNA damage in CTL-administered
groups, demonstrating the potential of CTL as a germ cell
toxicant and possible cause of infertility.

Oxidative stress is considered as one of the factors that
cause male infertility (Chen et al., 2013; Kumar et al.,
2013). Studies have shown increased levels of reactive oxy-
gen species in 40 to 80% of infertile men (Hamada et al.,
2012). Oxidative stress, which occurs as a result of an oxi-
dant/antioxidant imbalance in favor of oxidants, can cause
deteriorations in testicular structure and spermatogenesis
processes and, correspondingly, infertility (Aitken and
Roman, 2008; Ayinde et al., 2012; Guz et al., 2013). It is
known that consumption of mitochondrial oxygen and pro-
duction of reactive oxygen species increase in the fertiliza-
tion and spermatogenesis process (Guerriero et al., 2014).
As sperm cell membranes are rich in polyunsaturated fatty
acids, this makes them the target of the reactive oxygen
species produced. Excessive amounts of reactive oxygen
species can cause infertility by reducing the sperm count
and motility (Chen et al., 2013; Kumar et al., 2013). Sperms
with abnormal morphology are formed in addition to reac-
tive oxygen species during sperm membrane remodeling in
spermatogenesis (Guerriero et al., 2014). Additionally, the
increasing number of reactive oxygen species during sper-
matogenesis can cause DNA strand breaks (Wright et al.,
2014). In our study, the decreased glutathione levels in tes-
ticular tissue are considered as indicators of deterioration
in the oxidant/antioxidant balance in the CTL-administered
groups. The changes that occur in sperm concentration,
morphology, and DNA can be associated with oxidative
stress in the CTL-administered groups.

Histopathological findings are often used as important
biomarkers in toxicological researches. Histopathological
changes in the testes can accompany decreases in sperm
quantity and quality (Kimmel et al., 1995). In our study,
damage was observed in testicular tissue, including germi-
nal cell degeneration, atrophy of seminiferous tubules,
extracellular vacuolization, and reduction of cells in the
spermatogenesis series, especially at high doses of CTL.
Chronic oxidative stress in testicular tissue is known to
cause histopathological changes (Ayinde et al., 2012; Mitra
et al., 2013; El-Neweshy et al., 2013). Reactive oxygen spe-
cies can lead to testicular atrophy and degeneration of
seminiferous tubules by disrupting membrane integrity
(Mandal and Das, 2011). The degenerative findings identi-
fied in the testis tissue can also be associated with the
increased serum LH levels as well as the oxidative stress
induced by CTL. Some studies have shown that increased
LH levels cause degeneration of the germinal cells, which
negatively affects spermatogenesis (Fattahi et al., 2009).

However, it has been reported that serotonin plays an
important role in the reproductive tissues and the steroi-
dogenic and spermatogenesis processes, and that the
changes in serotonin level may influence fertility (Jim�enez-
Trejo et al., 2012; Erdemir et al., 2014). Serotonin plays a
role in the regulation of vas deferens contractions; it has
been reported that serotonin administration in adult rats
leads to testicular atrophy, spermatogenic damage, and
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suppression of steroidogenesis (Csaba et al., 1998). It has
been shown that administration of the serotonin precursor
5-hydroxytryptophan to rats causes a decrease in testos-
terone levels, sperm count, and motility. It has also been
suggested that hyperserotonemia generates azoospermia,
and serotonin production increases the reproductive
pathology (Jim�enez-Trejo et al., 2012).

In conclusion, our study outlines the reproductive tox-
icity of CTL, commonly used to treat depression and anxi-
ety, in male rats with respect to certain reproductive
parameters. We emphasize that further research on the
testicular toxicity and possible fertility levels of the
patients using CTL is necessary with clinical studies. The
results of the present study suggest that the sperm DNA
damage and the oxidative status in semen may be deter-
mined in the evaluation of male fertility, in addition to
other parameters such as sperm count, motility, and mor-
phology. The results of our study show that drugs that
affect serotonin transmission can affect male reproductive
functions and further studies for evaluation of the fertiliz-
ing capacity in men are needed.
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